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Ah&act-Single crystal X-ray structuns of two bridge- divots an npnted. The brid&ead doubk 
bonds of dienc 7 show only modeat deviation.from strain-tim tetraabsti~ted doubk bonds. The doubk 
bauisin bridgehcaddiene6,howeva,exhibitanaveragedeviationoftheC~--Ctorsionangle(9 + ;I)of 
14”. 

Replacement of a H atom on ethylene by some other 
substituent oRen results in a predictable change in the 
chemical and spectroscopic properties of the molecule. 
Twisting a C=C bond may be viewed as a perturbation 
that is also capable of producing modifications in the 
chemical and spectroscopic properties of the alkene. 
Them are only limited data documenting the chemical 
response to torsionally distorted G=c bonds,’ and 
structural studies of twisted double bonds are very 
scarce.2 

A goal of our research program is to examine the 
relationship between chemical reactivity and structural 
deformations of torsionally distorted double bonds. 
The program requires accumulation of a body of 
structural data for compounds that contain double 
bonds of varying degrees of distortion and then relating 
that information to the chemical properties of these 
compounds. In an effort to secure structural data for 
bridgehead alkenes, we have utilized several synthetic 
entries that have been developed in our laboratory with 
the hope that certain derivatives of these compounds 
would be suitable for single crystal X-ray analysis. In 
this paper we ‘describe the results of two structural 
studies of bridgehead dienes. 

RFSULTS AND DISCUSSION 

Synthesis of bdgeheod dienes 
We have recently developed general synthetic entries 

into molecules that conts& torsionally distorted C==C 
bonds.” One approach utilizes type 2 intramolecular 
Die&Alder chemistry for the construction of l,S- 
bridged-rrrms,trMs-1,4-cycloalkadienes 1 (Eq. l).’ A 

rf) /\ * --b - (1) - - I 

particularly attractive feature of this synthesis is that it 
permits simultaneous introduction of two brid@ead 
doubk bonda Furthermore, activating groups on the 

dienophile are positioned to provide a handle for 
functionality that may permit preparation of 
derivatives suitable for X-ray stmctuml work. Past 
experience with these intramolecular Diels-Alder 
cycloadditions revealed that an oxygen substituent jl 
to the dienophile greatly facilitates the reaction.‘* 
Within this constraint, dienyne esters 2 and 3 were 
prepared by tbe procedures outlined in Scheme 1. 

A key step in the synthesis, coupling of a chloroprene 
Grignard reagent with a protected &lo-alcohol, was 
catalyzed by Li&uC14,5 Follow& hvdmlvsir. the 0 -, - --•--p 
dienols were isolated in yields of 7&89%. 
Condensation of the Na salt of the dienols with 
propargyl bromide, followed by treatment with n-butyl 
lithium, and then methyl chloroformate affords esters 2 
and 3 in a 70”/, yield for the two steps. Sealed tube 
solution phase thermolysis of dienyne eater 2 at 210” in 
benzene for 3.4 hr gives the bridgehead diene eater 4 in a 
chromatographed yield of 67%. The homologous ester 
3 is considerably leas reactive. Heating a benzene 
solution of 3 at 210” (sealed tube) for 5.5 hr returns 
starting material and bridgehead diene ester 5, in 
chromatographed yields of 21 and 33”/, respectively. 

Like m-any hp:dueheiarl &~a sy_t&&& in 0,~ 0--- 
laboratory, cycloadducts 4 and 5 are not crystalline 
compounds. This situation was not improved by prep 
aration of pnitrobenxoyl derivatives. Simple saponi- 
fication of the methyl esters however, proved to be 
more fruitful. Hydrolysis of bridgehead diene ester 4 
with lithium hydroxide in aqueous THF gave, upon 
chromatography, bridgehead diene carboxylic acid 6 as 
a clear colorless crystalline compound, m.p. 1 M-120” 
in 40% yield. Redissolving in CHzClz and slow evap- 
oration returned bridgehead diene carboxylic acid 6 as 
X-ray quality crystalline plates. Treatment of bridge- 
head diene ester 5 with aqueous methanolic KOH 
afforded acid 7 in 71% yield. Recrystallization from 
CH,Cl,-pentanes gave plates (m.p. 114-l 17”) which 
also yielded material suitable for X-ray analysis. 

Sh7Kmrd studies 
ORTEP plots of both bridgehead diene carboxylic 

acids are shown in Figs 1 and 2 (hydrogens excluded). 
The X-ray analysis permits unambiguous assignment 
of the meto regioisomer for both cycloadducts6 The 
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cycloadducts are bridged derivatives of frun~Jruf~l,4- 
cycloalkadienes. The l&bridge locks the 1,4- 
cydohexadkne ring into a boat conformation. The 
folding angle, determined by the angle of intersection 
between the least square planes defined by 
WPW-W-WI A C@-W~~5j~ 
is a measure of the ouckerina in the rinn. For diene 6 this 
angle is 130.7”, and for the;iess highl~straitied deriva- 
tive 7, the angle is 140”. The puckering is also rep- 
resented in the valence angles C(lSw2t_C(3) and 
C(4)-C(5)-C(6) in diene 6 (10!9.0°, 108.1’) and 7 
(lll.l”, lllSO). 

Both bridgehead dienes contain two torsionally 
distorted C=C bonds. The nature ofthe distortion is 
illustrated by the sequence of structures below. The 
truns-cycloalkene substructure tends to twist the C=C 
bond out of coplanarity resulting in loss of overlap of 
the two p orbitals. To minim& tbeenergyofthis 
situation it was suggested that the doubk bond carbons 
undergo rehybridixation with incorporation of s 
character into the p orbit&.’ 

opposite C-C=C-C and C-C=C+ torsion 
angles are +i and &. The torsion (4) and out-of-plane 
bending (x) deformations for both bridgehead dienes 
are summarixed in Table 1. Both x., and &, are omitted 
since they require precise location of the vinyl 
hydrogens at C(3). 

Inspection of the data in Table 1 reveals that the 
double bonds in bridgehead diene 7 experience only 
very minor distortion. Deviations from values typical 
of strain-free alkenes fall within the range of 1.6-3.4”. 
From the structural criteria the double bonds of this 
bridgehead alkene are near “normal”. In the homolo 
gous bridgehead diene 6, however, we observe the 
onset of more significant out-of-plane distortions 
and pyramidalixations. As expected these distortions 
are quite unsymmetrical. The bridgehead carbons 
experience considerable pyramidalixation, xi,, = 6.1” 
and x., = lO.l”, while pyramidalixation at the non- 
bridgehead carbon, xi,,.= 1.4”, is negligible. 

A measure ofthe torstonal distortion at C(2)-C(6) is 
represented by &,, (the values for & and 4,, are 

A conaequena of this rehybridi&ion is the 
pyramidalixation of the carbons of the double bond. 
The limited structural data available confirms this 
analysis.r Add&ions1 pyramidahratton of the bridge_ 

head carbons (i.e. C(4) and C(6)), is expected to result 
from introduction of the second carbocyclic bridge. 

For each bridgehead double bond there are two 
deformations that describe the distortion. The 6rst is 
pure twisting or torsion 4 (deviation from coplanarity 
of the two p type orbit&$ and the second, an out of 
plane bending (x), which is a measure of the extent of 
rehybridixation or pyramidahaation at the sp2 carbons. 
The independent geometrical parameters that are 
necessary to completely define the non-planar 
distortionsindienes6and7areshowninthefigure.The 
angles formed by the single bonds emanating from the 
sp2 carbons are xi and x2 and they measure the extent of 
out-of-plane deformations at each sp2 center. The 

Table l.Summary ofxand +for bridgehead 
dicnea 6 and 7. The C(3)=C(4) and 
C(6)=C( 1) bonds are idcntilkd as a and b, 

respectively 

Compound 
6 7 

1.4” 1.7” 
6.1” 1.6” 

10.1” 24 
12.3” 3.0” 

?;?” 3;s” 
23” 3.4” 

constrained by the boat cyclohexane substructure). In 
bridgehead diene 7 this value is 3.0” while in 6 the olelln 
torsion angle is 12.3“. Thus the average deviation of the 
C ~--2tor~onaflgie~o~i80”(d,~Xjisi4”for6 

and only 4.5” for 7. Finally, despite substantial distor- 
tions at the bridgehe&carbons ofdiene 6, thereare no 
anomalies in the bond angles or bond distances within 
the chain of atoms spanning carbons C(4) and q6). 

From the above analysis we may conclude that the 
transition between “strain free” and strained bridge- 
head dienes occurs in the homologous series 7 + 6. 
Comparison of 6 with syn-oxepin oxide g, is instructive. 
The average deviation of the torsion angle in 6 
(4+x = 14”), is less than that found in 8 (25”), a 
derivative of nans,rrcns-1,5-cyclononadiene. 

Itishopedthatthestructuralstudiesofdienes6and7 
will form a basis for understanding the observed 
chemical diRerences between these two molecules. 

8 

EXPEEMENTAL 

Reparalion and cryslalhgraphic data for 3 - 
ombicyclo[6.3.1]dodm - 1(11),8(9) - dfene - 11 - cmboxj& 

d(6! 
A THF soln (10 ml) of bridgehead diene 4’b (0.541 g, 2.4 

mmol) was added to an aqueous soln (3 ml) of LiOH - H,O 
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Fig. 3. Schematic represcotation of brid&ead dienc 1 
indicating p-on 0 and torsion (4) at the 

bridgehead doubk bonda 

(0.2856 & 6.8 mmol). The mixture was warmed to 40” for 20 
hr and the crude product isolated by acidifying with HCl @H 
6) followed by ether extraction. Column chromatography (sil- 
ica gel, 1: 1 pentancs-ether) yields the bridgehead diene 6 
(0.2Mg,40%)asaclcar,color~crystallinecompound, m.p. 
118-120”. 

‘H-NMR (250 MHz, CDU,) 6 ppm 10.0 (s, lH, -CO& 
5.79 (m, lH, e_=C), 4.89 (d, J = 14.8 Hz, lH, 
==C-CH,-O--), 4.39 (d, m, J = 14.8 Hz, lH, 
=C-C&-O-), 3.75 (d, d, J = 12.7, 1.7 Hz, lH, 
CY,+c----c)3, 3.66 (m, 2H, CH1sHICH1, 
C&+C=C),), 3.07 (III, lH, CH,w&CH,), 2.51 (m. 
2H), 228 (Y, d, J = 12.7,29 Hz, iH), 214-l.%(m, 2H), 1.57 
(m,ZH), 1.31@, 1H); 13C-NMR(6289MHqCDCl,)~ 171.8, 
163.0, 144.9, 131.0, 124.5,69.8,68.3,33.6,329,30.4,27.7. 

X-Ray crystal structure data : C , lH, *O,, monoclinic, space 
group P2,/a, u = 7.383(5) & b = 11.65(l) A, c = 13.91(l) A, 
/? = 118.33(5)“, V = 1053(l) AJ,Z = 4.Intensity~ts 
weremadeonaSyntexF2,diff~, MO K. radiation 
& = 0.71073 A, graphite monochrometor. A total of 159% 
reflactions were colkcted up to 28 = 45” among which 1376 bad 
inteasitiesl > 2.3jb(r),noabsorptioncorrection wasmade.Tbe 
stnrcture was solvad by direct methods (MULTAN 80) and 
re6r.14 by full matrix least squares refinement to R = 0.044 and 
R, = O.O65(anisotropicthermal bparamee for carbon and oxy- 
gen, hydrogen atoms experimentally determined). Tables of 
positional parameters, anisotropic temperature factors, bond 
angles, and interatomic distances are included as sup- 
plemental information. 

Rep0ratioul and c~ysldlgqrcrphic &lo for 3 - oxabicycloc7.3. I] - 
nidecu- 1(12),9(10)-diene-(ZZ)- 12-carboxyIicacid(7) 

In a similar manner bridgehead diene 5” upon treatment 
with KOH (3 equiv) in MeOH after 24 hr followed by 
acidification (HCl, pH 7) concentration and oolumn 
chromatography airorded solid 7, m.p. 116 117” in 7 1% yield ; 
‘H-NMR (250 MHz, CDCl,) b ppm 11.8 firs, lH, +ZO,H), 

5.66 (6 J = 6 Hq IH, e_=C), 4.99 (d, J - 15 Hq lH, 
-CH,-O),4.29(d.d, J - 122& fH,-C&-O~3.62(m, 
2H),3.43(d,d,d,J = 18,7,1.5HqlH),3~(m,lH),255Ct”, 
lH),2.34~2H),2.13(m,lH~1.89(m,1H).l.68(m,I~l.45 
(m+3H), U.O(m, 1H);“C-NMR(6289MHqCDCl,)b 1723, 
158.6,142.5,126.4, 121.8,71.6,69.8,35.5,34.1,30.2,29.4,2S.8, 
24.9. 

X-Ray crystal structure data : CI,HIIOS, tridinic, space 
group PI, u = 8.226(5) A, b = 8.776(5) A, c = 9.650(6) A, 
a = 121.7(5)“,8 = 87.5(5)“,y = 99.%5)“. V = 583(1)&,2 = 2. 
Intensity measurements wtre made in a Syntcx P2, diffrrrc- 
tometer, MO K, radiation AK, = 0.71073 A, graphite mouo- 
chr-r. A total of 1528 refbctions WM a&&d up to 
28 = 45” among which 1376 had intensities I > 2.mI), no 
absorption corraxion was made. ‘I-be S~~UAE wan solved by 
full matrix least squarts re&xmcnt to R= 0.045 and 
R, = 0.066 (anisotropic thermal parameters for carbon and 
oxygen experimentally determined, hydrogen atoms fixed in 
obse~ed positions). Tables of positional parameters, aniso- 
tropic temperature factors, bond angles and interatomic dis- 
tances are included as supplemental information. 
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